Introduction
Autoimmune pancreatitis (AIP) is characterized by pancreatic swelling and irregular narrowing of the main pancreatic duct, which often mimic pancreatic cancer (1, 17, 18, 20) . AIP was recently classified into two types based on the pathological differences: type 1 for lymphoplasmacytic sclerosing pancreatitis (LPSP) and type 2 for idiopathic duct centric chronic pancreatitis (IDCP) or AIP with granulocytic epithelial lesion (GEL) (39) . Type 1 AIP is closely associated with increased IgG4 antibodies in the serum and affected tissues (6, 7, 39, 47) . Although the long-term prognosis and outcomes are relatively well described in type 1 AIP, these outcomes are less understood in type 2 AIP. Accordingly the following discussion primarily refers to type 1 AIP, while what is understood regarding type 2, which is almost exclusively found in Western countries, is discussed at the end (8, 28) .
Long-term prognosis and outcome of type 1 AIP
Most patients with type 1 AIP (referred to as "AIP" in this section) respond favorably to corticosteroid therapy, which results in the amelioration of symptomatic, radiographic, serologic, and pathologic findings. It is possible for patients to have a spontaneous recovery. However, during long-term follow-up, some patients with AIP are noted to progress to the advanced stage of pancreatic stone formation after recurrence, which may be similar to the findings of chronic pancreatitis (Figure 1 ) (29, 30, 40) . In addition, the possibility of an association with malignant conditions, such as pancreatic cancer or other malignancies has been reported (4, 5, 10, 32, 37, 44) .
Progression to chronic pancreatitis
AIP is characterized by high serum IgG4 concentration,IgG4-positive staining plasma cell infiltration in affected pancreatic tissue, and a favorable response to corticosteroid therapy. Imaging analyses by ultrasonography (US), computed tomography (CT), and endoscopic retrograde cholangiopancreatography (ERCP) show sonolucent (i.e., hypoechoic) swelling and irregular narrowing of the main pancreatic duct, both of which are due to lymphoplasmacytic inflammation at the acute stage. In 1995, Yoshida et al. first proposed the concept of AIP, which was considered to be free from calcification and to rarely progress to ordinary chronic pancreatitis (46) . Although most patients have a favorable response to corticosteroid therapy, some develop pancreatic atrophy and stone formation with irregular dilatation of the main pancreatic duct (MPD) (30, 40) . These imaging findings mimic those of chronic pancreatitis, suggesting that in some cases AIP may progress into chronic pancreatitis. If this is the case, ordinary chronic pancreatitis could also include the advanced stage of AIP. This is supported by the observation that serum IgG4 remains elevated in over 60% of patients after clinical improvement (19) . To clarify whether ordinary chronic pancreatitis includes the advanced stage of AIP, we measured serum levels of IgG4 in 175 patients with chronic pancreatitis who had been diagnosed before 1995, when the concept of AIP was first proposed. High serum IgG4 concentrations were found in 7.4% of patients with ordinary chronic pancreatitis, suggesting that the advanced stage of AIP may result in the development of ordinary chronic pancreatitis (21) . Similarly, serum IgG4 was elevated in 11.9% of sera from Korean patients with ordinary chronic pancreatitis (2) . A French study showed that more than one third of AIP patients developed pancreatic imaging abnormalities of atrophy, calcification, and/or duct irregularities and functional insufficiency within 3 years of diagnosis (28) . Finally, one autopsy case of AIP showed similar pathological findings to chronic pancreatitis instead of the typical AIP findings of abundant lymphoplasmacytic infiltration, IgG4-bearing plasma cell infiltration, and obstructive phlebitis (25) .
Pancreatic stone formation
Features of chronic pancreatitis include clinical findings of exocrine or endocrine dysfunction, imaging findings of pancreatic calcifications in the parenchyma or duct, and irregular MPD dilatation, and pathological findings of acinar or ductal cell loss, fibrosis, and stone formation. Of all these findings, pancreatic stone formation is a representative imaging finding that particularly correlates well with functional and pathological abnormalities.
The reported prevalence of pancreatic stone formation in AIP has been variable. Increased or de novo stone formation, including small calculi, was seen in 28 of 69 (41%) patients followed for at least 3 years at our institution (Shinshu University Hospital). Multivariate analysis identified narrowing of both Wirsung's and Santorini's ducts at diagnosis as an independent risk factor for pancreatic stone formation, which presumably led to pancreatic juice stasis and stone development (30) . A long-term follow up study showed 16 of 73 (22%) AIP patients progressed to chronic pancreatitis that fulfilled the revised Japanese clinical diagnostic criteria for chronic pancreatitis in the chronic stage (29) . However, other studies have indicated a lower prevalence of pancreatic stone formation during long term follow-up (41, 42) . A recent multicenter, international analysis estimated that pancreatic stones occurred in only 7% of subjects with follow-up imaging permitting evaluation for stone disease (8) . Further studies are needed to explain these discrepancies, and to understand if the formation of stones can be prevented.
Disease relapse
AIP is a chronic disease that can have a relapsing clinical course. To illustrate the frequency and distribution of disease relapses we reviewed the medical charts of 84 patients with AIP, who were followed up for more than 1 year at Shinshu University Hospital. Twenty-eight of the 84 patients (33%) experienced a total of 60 recurrences, including autoimmune pancreatitis (n = 26 times), sclerosing cholangitis (n = 18), lacrimal and salivary gland lesions (n = 5), and retroperitoneal fibrosis (n = 4). Seventy-two percent of the recurrences occurred in the maintenance stage of corticosteroid therapy. Although no markers at diagnosis significantly predicted recurrence, IgG and immune complexes tended to be elevated in the relapse group compared to the non-relapse group. During clinical follow-up, the development of pancreatic stones was more frequent in the relapse group (14 patients, 50%) than in the non-relapse group (13 patients, 23%). Collectively, one-third of patients with AIP developed a pancreatic stone. Close observation with activity markers during follow-up and early intervention with corticosteroid therapy may help to prevent recurrence in such cases (22) .
Published series have reported similar relapse rates in AIP ranging from 30% to 50% (9, 16, 24, 26, 40, 43) . Patients with relapse generally experienced 1 or 2 episodes, although some experienced many relapses. Corticosteroid therapy was reported to significantly increase the remission rate and reduce the relapse rate of AIP (16, 26) . Thus, corticosteroid therapy is currently considered the standard treatment for inducing remission in AIP (13) . Although spontaneous remission occurs in some patients with AIP, these patients are usually good candidates for corticosteroid therapy (9, 13, 16, 24, 26) . According to the Japanese Consensus Guidelines for Management of AIP, the indications for corticosteroid therapy in AIP patients are symptoms such as obstructive jaundice, abdominal pain, and back pain, and the presence of symptomatic extrapancreatic lesions (15) . In principle, corticosteroid therapy should be administered for all patients diagnosed with AIP (15).
Since AIP is the pancreatic manifestation of IgG4-Related Disease, other manifestations of IgG4-related disease can be seen at disease relapse (23, 38) . In addition to pancreatic lesions, other common manifestations include sclerosing cholangitis, lacrimal/salivary gland lesions, retroperitoneal fibrosis, and interstitial pneumonitis (8, 24) . These lesions also respond well to corticosteroid therapy. In our study population, the first, second, and third recurrences occurred at medians of 33, 66, and 122 months following steroid therapy, and 72% of recurrences occurred during the maintenance therapy stage. Other studies have shown that relapse generally occurs within the first 3 years following diagnosis (26) . In those who develop a relapse, 56% relapsed within 1 year, and 92% relapsed within 3 years from the start of steroid treatment (16) . Although relapse in our study occurred mostly during the maintenance stage of corticosteroid therapy, the relapse rate of patients with AIP on maintenance treatment was 23%, which was significantly lower than patients who stopped maintenance treatment (34%) (16) . According to the Japanese Consensus Guidelines for Management of AIP, maintenance therapy (2.5 -5 mg/day) is recommended to prevent recurrence, and stopping of maintenance therapy should be planned within at least 3 years in cases with serologic and radiologic improvement (15) . Previous studies indicated that various factors at diagnosis, including involvement of proximal biliary tract, diffuse pancreatic swelling, jaundice, IgG4, immune complex, soluble IL2 receptor, and complement are predictive factors of relapse (9, 21, 24, 26, 41) . Specific HLA antigens were reported to predict the recurrence of AIP, and substitution of aspartic acid at position 57 of HLA DQβ1 was reported to affect the recurrence of autoimmune pancreatitis (35) . We reported that serum elevation of IgG4 and immune complex preceded the clinical manifestations of recurrence (18) . Accordingly, serial measurements of IgG, IgG4, and immune complex in the follow-up period may be useful to predict recurrence (13, 18, 21) .
Relapse after surgical resection of the pancreas
Recently, Detlefsen et al. reported that 21 of 51 AIP patients (41.2%) who underwent surgical resection of the pancreas experienced recurrence during long term follow-up; the sites of recurrence were the pancreas (n = 8) and extrapancreatic bile ducts (n = 7) (3). Recurrence rate and sites were similar to those of the non-resection group. Their results are in contrast to a previous study, which showed a decreased risk of relapse in those undergoing surgical resection (36) .
Pancreatic function
Pancreatic exocrine function AIP is associated with exocrine dysfunction in 83% -88% of cases during the acute inflammatory stage (11, 13, 14, 34) . Following corticosteroid treatment and during the chronic stage, exocrine dysfunction resolves in most patients. However, exocrine dysfunction persists or may develop during long-term follow-up in some patients, which may be associated with the transition to chronic pancreatitis (42) .
Pancreatic endocrine function
Diabetes mellitus occurs in 42% -78% of cases during the acute stage of AIP (11, 13, 14, 33, 34) . Similar to exocrine dysfunction, endocrine dysfunction, especially diabetes mellitus, is often ameliorated after corticosteroid therapy (9, 31, 34, 42) . Miyamoto et al. reported amelioration of diabetes mellitus in 10 of 16 (63%) AIP patients 3 years after corticosteroid therapy, indicating that corticosteroid therapy is often effective for the treatment of diabetes in AIP (31) . However, corticosteroid therapy sometimes causes deterioration of glycemic control, especially in aged patients, and thus requires cautious administration (33). Ito et al. reported that 10 of 50 AIP patients who received insulin treatment experienced hypoglycemic attacks, suggesting the need for vigilance when insulin therapy is administered (12) . One third of AIP patients with diabetes mellitus suffered from diabetes at the onset of AIP; these patients frequently had a family history of diabetes mellitus and had poor nutritional status. Half of AIP patients are diagnosed with diabetes mellitus at AIP onset, however only 10% of AIP patients continued to have diabetes mellitus after corticosteroid therapy (12, 33) .
AIP and complications of pancreatic cancer and other malignancies
Chronic pancreatitis has been regarded as risk factor for the occurrence of pancreatic cancer (27) . Therefore, if AIP can progress to chronic pancreatitis, it also may be complicated with pancreatic cancer. A Japanese survey indicated that the average life expectancies of male and female patients with chronic pancreatitis were 11 and 17 years shorter than those of the general population, respectively. The major cause of the death was malignancy, indicating that the standard death rates for bile duct and pancreatic cancer were very high (3.44 and 7.84, respectively). It is possible that immunodeficiency due to corticosteroid therapy and chronic inflammation of the pancreas may contribute to the occurrence of malignancy.
There have been a few previous reports of AIP complicated with pancreatic cancer (4, 5, 10, 32, 44) . Characteristic features of pancreatic cancer complicated with AIP are more frequent occurrence at body and tail regions compared with ordinary pancreatic cancer, (15) and earlier occurrence after the diagnosis of AIP compared with chronic pancreatitis. These results raise the possibility that AIP may contribute to the occurrence of pancreatic cancer, however these cases are highly subject to selection bias.
Since AIP occurs predominantly in elderly patients, deficiency of the immunosurveillance system may be associated with its pathogenesis, which in turn may be associated with the occurrence of various malignancies other than pancreatic cancer (37) . In addition to AIP, IgG4-related disease was reported to be highly complicated with malignancies (45) . In clinical follow-up for AIP and IgG4-related disease, caution is recommended to monitor for the occurrence of malignancy, however further studies are needed to clarify the true risk and most appropriate methods of cancer surveillance.
Long-term prognosis and outcome of type 2 AIP
The long-term prognosis and outcome of type 2 AIP have not been fully clarified. The two subtypes can be definitively distinguished based on their histology (See Histology of Autoimmune Pancreatitis). Type 2 AIP patients are younger than those with type 1 AIP, do not show the male gender bias seen in type 1 AIP, and are unlikely to have elevation of serum IgG4 or other organ involvement (39) . A multicenter international analysis showed that the average ages at diagnosis were 61.4 and 39.9 years for type 1 and type 2 AIP, respectively, and the proportion of males was 77% in type 1 and 55% in type 2 AIP. In addition, type 2 AIP represented a smaller proportion of AIP in Asian countries compared with European and North American countries (8) .
During the acute stage, imaging findings of type 2 AIP appear similar to those of type 1, including pancreatic swelling and irregular narrowing of the MPD. Similar to type 1 AIP, those with type 2 AIP respond favorably to corticosteroid therapy.
However, the recurrence rate of type 2 AIP was significantly lower than that of type 1, and the site of type 2 AIP recurrence was limited to the pancreas. Few pancreatic stones were found in type 2 AIP during follow-up, suggesting it is uncommon for type 2 AIP to progresses to an advanced stage (8) . However, another study indicated that the outcome of patients with type 2 AIP was not different from that of patients with type 1 AIP, except for diabetes, which was significantly higher in type 1 AIP (28) . Further studies are therefore needed to better define the long-term prognosis and outcomes of type 2 AIP.
Summary
Type 1 AIP is a chronic, relapsing disease. Although the acute inflammatory phase is very responsive to corticosteroid therapy, there are several potential long term complications that can develop.
Endocrine and exocrine pancreatic dysfunction is more typical during the acute phase. They may resolve with corticosteroid therapy, but occur later when the pancreas has atrophied. Disease relapses are common and can develop in the pancreas, biliary tree, or other distant sites associated with IgG4-RD. Careful observation of prodromal symptoms and activity markers during follow-up, as well as early intervention with corticosteroid therapy may help to limit morbidity from disease relapses. Pancreatic duct stones can develop, and are more likely in those with relapsing disease. There is a theoretical increased risk for developing pancreatic cancer, but the actual risk is not fully understood. In contrast, in type 2 AIP disease relapse and other long term complications are uncommon.
